Introduction
Colorectal cancer has become one of the malignant tumor diseases with the highest incidence rates worldwide. The liver is the main target organ for the hematogenous metastasis of colorectal cancer, and liver metastasis is the leading cause of colorectal cancer-associated mortality in patients (1) . Clinical trials have shown that liver metastasis is an independent predictor of poor prognosis and increased risk of mortality in patients with colorectal cancer (2) . There remains no effective therapy for liver metastasis despite promising developments achieved in the treatment of colorectal cancer. Early diagnosis and positive therapy may improve the survival rates of patients with colorectal cancer at an early stage of liver metastasis. Therefore, the present study aimed to examine the molecular mechanisms of liver metastasis in colorectal cancer, and screen for biomarkers associated with liver metastasis. These investigations are likely to assist in improving the accuracy of early diagnosis, efficacy of novel therapy and prognosis of patients with colorectal cancer (3) .
MicroRNAs are a type of non-coding RNA with a length of 21-23 bp (4) . Previous studies have shown that microRNAs affect multiple cellular events via mRNA interference (5) . The microRNA expression profile of colorectal cancer shows differential expression of microRNAs in colorectal cancer, compared with normal tissues, suggesting that the aberrant expression of microRNA is associated with the metabolism and cell behavior of cancer (6) . Several microRNAs have been confirmed to be associated with the clinicopathological features of colorectal cancer, including microRNA (miR)-31, miR-143 and miR-145 (7, 8) . Zhang et al (9) found that miR-200 was important in the regulatory mechanisms of liver cancer, and a previous study showed that serum levels of miR-200 and miR-141 were increased in patients with colorectal cancer (10) . These findings suggest that miR-200 and miR-141 may be involved in the pathogenesis of colorectal cancer. However, whether the aberrant expression of miR-200 and miR-141 is associated with liver metastasis remains to be elucidated. The present study aimed to examine the association between liver metastasis and levels of serum miR-200 and miR-141 in patients with colorectal cancer.
Patients and methods
Study subjects. A total of 380 patients with colorectal cancer were randomly enrolled into the experimental group at China-Japan Union Hospital of Jilin University (Changchun, China) between June 2008 and June 2014 (male/female ratio, 218/162; age range, 42-73; 53.6±6.2 years). The patients with colorectal cancer were diagnosed by an alimentary tract barium meal, B-ultrasonic examination and histopathological analyses. Disease grading was performed for all enrolled patients according to the criteria of the World Health Organization grading standard for colorectal cancer (11) . The grading comprised 142 grade I/II cases and 238 III/IV cases. None of the patients had received radiotherapy, chemotherapy or surgery prior to hospitalization. A control group included healthy adults, who were age-and sex-matched to patients in the experimental group. This clinical trial was performed following approval and under supervision of the Ethics Committee of the China-Japan Union Hospital of Jilin University (Changchun, China). All participants signed informed consent prior to enrollment in the study.
Reagents and instruments. RNA extraction kits (cat. no 74104) were purchased from Qiagen, Inc. (Valencia, CA, USA). Routine kits for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis (cat. no. KR103-03) were purchased from TianGen Biotech Co., Ltd. (Beijing, China). MicroRNA qRT-PCR kits (cat. no. AM1558) were purchased from Ambion; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). Lipidosome INTERFERin™ transfection kits (cat. no. 410-015) were purchased from Polyplus Transfection (Illkirch, France). DMEM (cat. no. SH30081.01) was purchased from HyClone; GE Healthcare Life Sciences (Logan, UT, USA). TUNEL apoptosis detection kits were purchased from Roche Diagnostics (Basel, Switzerland). Transwell kits were purchased from BD Biosciences (Franklin Lakes, NJ, USA). The Mx3000P fluorescence ration PCR instrument was purchased from Agilent Technologies, Inc. (Santa Clara, CA, USA). The cell incubator was purchased from Thermo Fisher Scientific, Inc.
Extraction of microRNA and RT-qPCR analysis. Fasting blood samples (10 ml) were collected into vacuum tubes with EDTA as an anticoagulant. Plasma was obtained via two-step centrifugation (2,000 g for 10 min; 8,000 g for 10 min at 25˚C). The supernatant was recycled for the extraction of total RNA and microRNA, respectively. Primers were synthesized for miR-200 and miR-141 (Table I) . RT-qPCR analysis was performed in a total volume of 20 µl, including 10 µl SYBR-Green qPCR Super mix, 0.5 µl forward primer (10 µM), 0.5 µl reverse primer (10 µM), 5 µl cDNA and 4 µl sterile water using routine protocols. The reaction conditions were as follows: 95˚C for 3 min, 95˚C for 15 sec and 60˚C for 30 sec (40 cycles). Applied Biosystems 7500 software V2.02 (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used with the U6-RNA sequence as an internal control. The 2 -ΔΔCq method was used to analyze data (12) .
Transfection and overexpression of microRNA. The miR-200 mimic and miR-141 mimic were synthesized (Shanghai GenePharma Co., Ltd., Shanghai, China) for transfection and overexpression. The medium comprised DMEM with 10% fetal bovine serum, 5,000 units penicillin and 5,000 units streptomycin. The HCT116 and SW480 colon carcinoma cells (American Type Culture Collection, Manassas, VA, USA) were incubated separately in 96-well plates with cell culture conditions of 37˚C and 5% CO 2 . Following culture for 24 h, lipidosome transfection was performed to establish HCT116 and SW480 cells overexpressing miR-200 or miR-141.
In situ detection of apoptosis using TUNEL staining. The transfected HCT116 and SW480 cells were transferred into 24-well plates following culture for 24 h. Untransfected HCT116 cells were used as a control group, and six parallel experiments were performed for each group. Staining for was performed for the detection of apoptosis at different time points (1, 2, 3 and 4 days) according to the manufacturer's protocol of the apoptosis detection kit (Roche Diagnostics). Subsequently, five clear visual fields were randomly selected under a light microscope to analyze the total cell count and apoptotic cell count. The apoptotic index was calculated as the ratio of apoptotic cells to total cells (13) .
Examination of cell migration using a Transwell assay. Matrigel (60 µl; 5 mg/ml) was added into the upper Transwell chamber and air-dried at 4˚C. The HCT116 and SW480 cells were cultured, respectively, until the logarithmic growth phase. The cells were digested and resuspended with a diluted cell density of 1x10 6 , and 200 µl of the cell suspension was added into the upper Transwell chamber. In the lower Transwell chamber, 600 µl fresh nutrient medium was added. After 24 h, the Matrigel and HCT116 cells or SW480 cells were cleaned. Crystal violet staining (30 min) was performed for the cells in the lower Transwell chamber. The optical density at 570 nm was assessed via a microplate assay following rinsing in 10% acetic acid (14) . The above process was repeated three times to produce steady results.
Statistical analysis. SPSS 21.0 software (IBM SPSS, Armonk, NY, USA) was used for data processing. Measurement data are presented as the mean ± standard deviation. Student's t-test was performed for comparison of difference between two groups. Statistical significance was assessed using one-way analysis of variance among multiple treatment groups. A χ 2 test was performed for statistical analysis of enumeration data. P<0.05 was considered to indicate a statistically significant difference. 
Results

miR-200 and miR-141 are increased in colorectal cancer.
Compared with the normal tissues from the control group, the colorectal cancer tissues had significantly higher mRNA levels of miR-200 and miR-141 (P<0.05; Fig. 1 ), which were measured using RT-qPCR analysis.
Increased expression of miR-200 and miR-141 are associated with liver metastasis. The follow-up data showed that 110 patients (28.9%) suffered from liver metastasis in the experimental group, whereas 32 patients (8.4%) suffered from metastasis in other organs (Table II) . Serum levels of miR-200 and miR-141 were positively correlated with clinical grading. In the patients with liver metastasis, 78.2% had increased expression of miR-200, which was only observed in 20.4% of the patients without liver metastasis. The same was observed for the expression of miR-141, in that patients with liver metastasis had a higher level, compared with those without liver metastasis (81.8, vs. 22.0%, respectively).
Transfection with miR-200 or miR-141. The overexpression of miR-200 or miR-141 in the HCT116 and SW480 cells was established using mimics. The transfected cells were cultured to the log phase, and total RNA was extracted for RT-qPCR analysis (Fig. 2) . Compared with the negative groups, the Table II . Analysis of the association between clinicopathological parameters and expression levels of miR-200 and miR-141. transfected HCT116 and SW480 cells had significantly higher expression levels of miR-200 and miR-141 (P<0.05), suggesting transfection was successful.
Expression of miR-200 Expression of miR-141
miR-200 and miR-141 inhibit the apoptosis of HCT116 and SW480 cells. An apoptosis index-time curve is shown in Fig. 3 . Compared with the control groups, the transfected HCT116 and SW480 cells had significantly lower apoptotic indices, suggesting that miR-200 and miR-141 inhibited apoptosis.
miR-200 and miR-141 enhance the migration of HCT116 and SW480 cells. Compared with the control groups, the migration of the miR-200-transfected HCT116 and SW480 cells significantly increased. Consistently, the migration of the miR-141-transfected cells was also significantly increased when compared with the blank control group (P<0.05; Fig. 4 ). 
Discussion
Colorectal cancer is the most common type of malignant tumor of the digestive tract in clinical settings, and liver metastasis in colorectal cancer leads to a poorer prognosis (2) . Several studies have shown that microRNA is tightly correlated with the development of tumors and survival rates of patients (6) . The present study demonstrated that, compared with normal tissues, colorectal cancer tissues expressed significantly higher levels of miR-200 and miR-141. It was also found that miR-200 and miR-141 inhibited apoptosis and enhanced the migration of colorectal cancer cells, suggesting that miR-200 and miR-141 may accelerate liver metastasis in colorectal cancer. The way in which the profile of microRNAs, including miR-200 and miR-141, is altered in colorectal cancer remains to be fully elucidated (14) . Tamagawa et al (15) reported marked demethylation in CpG regions of the miR-200 and miR-141 promoters in cancer cells; this was confirmed by DNA methylation assays and suggested that cancer cells regulated the profile of microRNAs, particularly miR-200 and miR-141, via DNA methylation. In addition, proteins encoded by microRNA target genes can reversely regulate the profile of microRNAs (16, 17) . However, further investigations are required to explain how colorectal cancer affects the expression profile of microRNAs.
The migration and invasion of cancer cells are complex biological processes. Studies have shown that epithelialmesenchymal transition (EMT) is pivotal in the migration and invasion of cancer (18, 19) . Studies have confirmed that miR-200 and miR-141 regulate EMT via affecting the expression of E-cadherin, which is involved in EMT (20, 21) . When miR-200 and miR-141 are increased, transcription factors of E-cadherin are inhibited, including zinc finger E-box binding homeobox (ZEB)1 and ZEB2, leading to the downregulation of E-cadherin (20) . These results are consistent with the findings of the present study.
Early diagnosis and active treatment can improve the survival rates of patients with colorectal cancer. Therefore, it is important to identify effective biomarkers for liver metastasis in colorectal cancer. The present study showed that increased serum levels of miR-200 and miR-141 were associated with liver metastasis in colorectal cancer, and this may improve the accuracy of colorectal cancer and provide a basis for active treatment. In addition, miR-200 and miR-141 enhanced the growth of colorectal cancer, therefore, miR-200 and miR-141 maybe novel therapeutic targets for the treatment of colorectal cancer.
In conclusion, the present study showed that upregulation in the serum levels of miR-200 and miR-141 were associated with liver metastasis in patients with colorectal cancer. The overexpression of miR-200 and miR-141 exacerbated liver metastasis of colorectal cancer via inhibiting apoptosis and inducing migration.
